capillary properties, we expect that the relative contributions of each phase will generally be different. (How different they might be depends upon the dynamics of flow which we shall not address.) As we have assumed steady-state conditions, however, the total mass flux, w, will be the same in each medium, i.e., w = wg = wg where primes denote conditions in the stratum. To fix ideas, we suppose that the contrast in properties between the stratum and the enclosing medium is such that a greater proportion of the flow occurs in the liquid state in the stratum, i.e., w' > w.. To meet this condition, water vapor must condense near the upper boundary of the stratum at the rate w' -w~, and the latent heat of vaporization, L per unit mass, must be liberated there. Hence the upper surface of the stratum must behave as a heat source of strength Aq(top) Aq ( where A. is the increase in the fraction of mass flux carried by the liquid phase when the boundary is crossed, i.e.,
Similarly as the flow passes through the lower boundary of the stratum vaporization must take place at the rate w' -w« resulting in a steady heat sink there of strength
Suppose the geothermal flux results in a steady input of heat at the rate q into the bottom of the stratum ( Figure Ib) . As this flow crosses into the stratum, the sink (equation 3) will reduce its value to q -AwL. When the heat emerges at the top of the stratum, it will be augmented by the source (equation 2) so that, in the domain above, its value will again be q (= q -A,wL + A,wL), (see Figure Ib) . The rate of steady flow can be calculated from the magnitude of the gradient anomaly and an estimate of A; a lower limit is obtained by setting A = 1.
It is important to emphasize that we do not know, at present, whether it is reasonable to expect appreciable changes in phase composition in steady unsaturated flows in bedded tuffs. However, temperature profiles in unsaturated sediments at the Nevada Test Site show steady-state gradient reversals and other anomalies that might be explained by their effects. The applicability of the model to these data is under study.
B. More general considerations
We consider the steady-state onet/?_y«%°ajfr.
dimensional problem of water flowing downward 3 from the surface through unsaturated sediments :vvvi".-:?%-.~j whose properties vary with depth (z, Figure 2) . z Differentiation of (6) yields the continuity condition:
The thermal condition of the sediments is a steady-state resulting from a constant temperature on the surface (z = 0), a constant geothermal flux qQ from great depth, and internal sources of heat resulting from steady-state 
We neglect the last term in (9), which is equivalent to assuming that the work of volume change takes place at constant pressure. Now using (2) The latent heat of vaporization L is given by
L = h -h (13) y
Combining equations (10) The first term on the right shows how, in the steady state, the heat flow changes with depth according to the changing phase composition of the mass flow. The second term on the right is the familiar convection term associated with the transport of thermal capacity.
As the thermal gradient is easier to visualize than the heat flow, it is useful to write (14) for the case of uniform thermal conductivity.
where r = d8/dz denotes thermal gradient. Although (15a) is useful for intuitive purposes, the assumption (15b) usually is not justifiable and the more general form (14) is needed for calculations. In practice, this poses no problem, as the thermal conductivity of the formation is easily determined in the laboratory from core or (if porosity is known) from drill cuttings.
C. The relative importance of the terms in equation (14).
To investigate the role of the second term on the right in (14), consider a medium composed of horizontal strata, each of which has uniform properties in its interior. Within each stratum, we assume for convenience that the phase composition of the flow will be constant, in which case the first term on the right will vanish, i.e., (14) 
Using ( 19b) and (20) 
Comparing (21a) and (21b) to (17a), it is seen that for mass flow of constant phase composition at rates on the order of 1 gm/cm2 yr (Darcian velocities ~1 cm/yr) conductive heat flow across a stratum will be uniform unless its thickness approaches 1 km; for Darcian liquid flow rates ~1 m/yr the governing stratum thickness is -vLO m, for vl mm/yr it is 10 km.
Thus for mass flow rates up to 1 gm/cm2 yr, the temperature may be treated by conduction theory (dq/dz =0) in the interior of strata less than a few hundred meters thick if the phase composition of the flow is uniform within such strata.
We now consider the more general case in which the phase composition of flow, and consequently w~, vary across a layer of thickness 6z extending downward from Zj to z2 . Using the notation of (17b) in (14) 
where q is measured in HFU, and wft is measured in gm/cm2 yr According to (24) if the liquid flow rate increases by 0.1 gm/cm2 yr between two depths, the heat flow will decrease by 1.8 HFU between those depths. The form of the depth-dependence of w« in the interval is immaterial; the special case of a discontinuous change in w. (i.e., 6z = 0) is the one discussed originally (equations 2 and 3).
